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TRANSMISSION TIMING ADJUSTMENT IN
RADIO SYSTEMS

BACKGROUND

This mvention relates to reducing power consumption in
radio systems, and 1n particular to reducing power consump-
tion 1n a recerver by modifying transmission patterns.

The power consumption of a radio recerver 1s significantly
higher when it 1s active to receive signals, but 1t 1s only
necessary for a recetver to be 1n that active state when the
receiver 1s actually attempting to recerving a signal.

In order to reduce power consumption during periods when
there 1s no active transmission between a transmitter and a
receiver, 1t 1s known for the radio link to be generally 1nactive,
but for a polling signal to be transmitted intermittently at
anchor points to maintain contact between the two ends of the
link. In between the transmission of the polling signal, the
receiver can be powered-down, thus reducing average power
consumption. For example, a typical Bluetooth radio system
may transmit a 126 us polling signal every 1 s.

For optimum power reduction, the recerver should only be
active for the duration of the polling signal. However, this 1s
only possible 1t the transmitter and recerver have pertectly
aligned clocks such that the signal 1s transmitted at the correct
time, and the receiver 1s activated at that correct time. How-
ever, transmitter and receiver clocks are not perfect and driit
over time. The recerver must thus be activated for a window
suificiently large to account for the clock drifts of the trans-
mitter and recerver.

In an example system anchor points are at 1 s intervals and
the transmitter has a clock accuracy of 250 ppm. Over the 1 s
between anchor points there will be a clock drift of up to 250
us 1n the transmitter’s clock compared to actual time. The
polling signal may therefore be transmitted up to 250 us
before or after the actual anchor point. The receiver must
therefore be activated 250 us before the actual anchor point to
ensure the polling signal 1s recerved. However, the start of the
polling signal may not actually be recerved until 250 us after
the actual anchor point, meaning the recerver has been active
for 500 us waiting for the signal in addition to the time to
receive the signal.

Drift in the recerver clock must also be accounted for which
may result 1n further widening of the recerver activation win-
dow.

The Bluetooth low energy protocol partly addresses the
above widening of recerver activation windows by transmit-
ting an indication of the transmitter clock accuracy to the
receiver. This gives the receiver amore accurate knowledge of
the transmitter’s clock accuracy and hence the likely arrival
time of polling signals allowing a reduction in activation
windows. However, the transmitter does not send an accurate
value of the clock accuracy, but only a window within which
the clock accuracy falls. The receiver must assume the accu-
racy 1s the worst value i the window meaning the receiver
may be activated earlier than required as the actual accuracy
may be better than the worst value.

In the Bluetooth BR/EDR protocol the clock drift 1s not
transmitted, but the receiver simply assumes an accuracy of
250 ppm 1n low power modes, which 1s the maximum per-
mitted for transmitter clocks under this protocol.

Receiver power consumption could therefore be improved
by accounting for clock accuracy in an improved manner.

The embodiments described below are not limited to
implementations which solve any or all of the disadvantages
discussed above.
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2
SUMMARY

This Summary 1s provided to introduce a selection of con-
cepts 1n a simplified form that are further described below 1n
the Detailed Description. This Summary 1s not intended to
identify key features or essential features of the claimed sub-
ject matter, nor 1s 1t intended to be used as an aid 1n determin-
ing the scope of the claimed subject matter.

There 1s provided a method of adjusting the transmission
time of a signal 1n a radio link, the method being performed by
a transmitter configured to transmit the signal over the radio
link to a receiver and comprising the steps of ascertaining an
accuracy that the recerver assumes for the transmitter’s clock,
calculating an assumed drift of the transmitter’s clock based
on the assumed accuracy of that clock and the time since a
previous correlation between the transmitter’s clock and the
receiver’s clock; and transmitting the signal at a time depen-
dent on the assumed driit.

The signal may be transmitted earlier than a predetermined
transmission time for the signal.

The signal may be transmitted earlier than the predeter-
mined transmission time by a time approximately equal to the
assumed drift of the transmitter’s clock.

The time may be selected to be closer to an activation time
ol the receiver than a predetermined transmission time for the
signal would be.

The assumed accuracy for the transmitter’s clock may be
the maximum permissible accuracy for a transmitter clock in
the protocol being utilised.

The method may further comprise the step of transmitting,
an indication of the transmitter’s clock accuracy from the
transmitter to the receiver, wherein that indication comprises
a range of accuracy values.

The assumed accuracy for the transmitter’s clock may be
the maximum value 1n the transmitted range.

The signal may be a periodic polling signal.
The transmitter and receiver may operate according to a
Bluetooth protocol.

There 1s also provided a wireless transmitter configured to
transmit a signal to areceiver at a time defined by the methods
described above.

The preferred features may be combined as appropriate, as
would be apparent to a skilled person, and may be combined

with any of the aspects of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be described, by way of
example, with reference to the following drawings, 1n which:

FIG. 1 shows a timing diagram for the transmission of a
polling signal; and

FIG. 2 shows a timing diagram for the transmission of a
polling signal at an adjusted time.

DETAILED DESCRIPTION

Embodiments of the present invention are described below
by way of example only. These examples represent the best
ways ol putting the invention into practice that are currently
known to the Applicant although they are not the only ways in
which this could be achieved. The description sets forth the
functions of the example and the sequence of steps for con-
structing and operating the example. However, the same or
equivalent functions and sequences may be accomplished by
different examples.

The unnecessary widening of the receiver activation win-
dow discussed above occurs due to a lack of knowledge at the
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receiver ol the accuracy of the transmitter clock. A transmitter
may know the accuracy of 1ts own clock, but 11 the particular
radio protocol being utilised does not provide for the trans-
mission of that accuracy to the recetver 1t cannot be utilised to
mimmise the recerver activation window. The receiver must
therefore make a worst-case assumption of the clock accu-
racy. For example, in the Bluetooth low energy protocol the
receiver assumes the clock accuracy 1s the worst value 1n the
particular range transmitted by the transmitter. In other for-
mats 1t may assume the accuracy is the worst allowable for a
transmitter according to the protocol implemented. In all
cases, the transmitter will know the value that the receiver will
assume for the accuracy of the transmitter clock, and the
actual accuracy of that clock.

FIG. 1 shows a timing diagram for a first example of a
Bluetooth low energy system operating with actual anchor
points 100, 1 second apart. The transmitter clock 1s runnming,
tast by 300 ppm and therefore 1mn normal operation would
transmit the polling signal 106, 300 us before the actual
anchor point 100. In accordance with the Bluetooth low
energy protocol, during establishment of the connection, the
transmitter 102 will have notified the recetver 104 that its
accuracy lies 1n the range 251-500 ppm, and the receiver 104
will have assumed the worst case accuracy of 500 ppm. The
receiver 104 1s therefore activated 500 us 105 before the
actual anchor point 100 to ensure 1t 1s active when the polling
signal 106 1s transmitted.

However the actual drift 1s only 300 us and so the receiver
104 1s activated 200 us 107 before the polling signal 106 1s
received. If the polling signal length 1s X us, and the receiver
shuts down after receipt of that signal, the receiver 1s active
108 for 200 us+X us, compared to X us 11 1t was activated just
in time to recerve the polling signal 106. X 1s generally small,
for example 1n a Bluetooth low energy system the shortest
time will be 80 ps.

The transmuitter 102 knows the assumption the receiver 104
will have made about the accuracy of the transmitter 102
clock and hence can calculate the time at which the receiver 1s
activated. As shown 1n FIG. 2 the transmitter 102 can there-
fore adjust the transmission time of the polling signal 106
such that it 1s transmuitted at the start of the recerver activation
window. In this example, the actual clock drift 1s 300 us, but
the transmitter knows the receiver will have assumed the
clock drift1s 500 us. The polling s1gnal 1s thus transmitted 200
us early (according to the transmitter’s clock, which 1s 500 us
in actual time) and the polling signal arrives at the start of the
activation window. The recerver 104 1s therefore active only
for the time 110 to recerve the polling signal 106, leading to a
reduction, 1n this example, 1n the activation time from 200
us+X us to X us (X may be, for example, 80 us). In summary,
the polling signal i1s transmitted before the predetermined
transmission time for the polling signal.

The transmission point of the polling signal 1s therefore
calculated according to the difference between the actual
transmitter’s clock accuracy and that assumed by the receiver,
and the time since the transmitter and recerver clocks were
last aligned (or when the relationship between the two clocks
was last known 11 the clocks are not aligned according to the
particular system). In the above example the receiver corre-
lates its clock with the transmitter clock at each polling signal
and therefore the time utilised to calculate the driit 1s 1 sec-
ond. However, 11 a polling signal 1s missed, the total time
since last the successiul signal may be utilised. For example,
if one signal 1s missed, the time 1n the above example 1s 2
seconds and so the receiver will have calculated a maximum
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drift of 1 ms (500 ppmx2 seconds). The actual clock driit 1s
600 us (300 ppmx2 seconds), allowing the signal to be trans-
mitted 400 us early.

The transmitter may only know the magnitude of the clock
accuracy, and not the direction (fast or slow). In the above
example, the clock was runming fast, but i1f the clock was
running slowly, without any adjustment, the polling signal
would be transmitted 300 us after the actual anchor point.
Since the transmitter 1s not aware of the direction of the
accuracy value, the adjustment process described above is
applied in the same manner. The transmission time 1s there-
fore adjusted by 200 us, and so the actual transmission time 1s
100 ps after the actual anchor point. Although this 1s still later
than the start of the activation window, the polling signal 1s
received 200 us earlier than 1f there was no adjustment,
thereby leading to a power saving.

The receiver’s clock may also not be perfect and may drift
from the actual time. To account for this drift, the recerver
must activate itself earlier than may actually be required, in a
similar way to the early activation for the transmitter clock
drift. However, the transmitter does not know the accuracy of
the receiver and so cannot adjust the transmission time to
transmit the polling signal closer to the activation time.

In the above example, the receiver 1s sent an indication of
the range of the clock drift, but not the accurate value. The
same principles used 1n that example apply when there 1s no
transmission of the clock drift to the recerver. The receiver
assumes the worst-case allowable clock accuracy for the
transmitter and calculates the transmitter’s clock drift since
the previous anchor point. The receiver 1s activated at a time
to ensure the polling signal 1s received, even at that worst case
accuracy. The transmitter also knows the worst allowable
accuracy, and its actual accuracy, and so can adjust the trans-
mission time to lie at the start of the receiver activation win-
dow.

The above methods of adjusting the transmission time of
the polling signal are independent of the radio protocol being
utilised and the receiver 1s unaware that any modification of
conventional behaviour has occurred. The methods can there-
fore be implemented relatively simply without need for modi-
fication of the transmitter or recetver systems, other than to
adjust the transmission time dependent on the clock driit of
the transmitter and the drift assumed by the recerver.

The above description has been given 1n the context of a
Bluetooth system, but the principles are equally applicable to
any radio system in which the transmaitter has a more accurate
measure of 1ts clock drift than the recerver.

As will be apparent to the reader, the reduction in activation
time that 1s achieved by the methods described herein
depends upon the difference between the actual clock accu-
racy of the transmitter and the value assumed by the recerver.
The closer the assumed value 1s to the actual value, the less
saving will be achieved.

To allow for errors 1n clock drift estimation, the time for
transmission from the transmitter to the receiver, and other
timings of the system, the receiver may be activated earlier
than the time suggested by only the clock accuracy figures.
Similarly, the transmission of the polling signal may be
delayed from the earliest possible time, as per the examples
given above, to account for such possible errors.

In the above examples the transmitter and recerver are
assumed to correlate their clocks at each anchor point. The
clock drift does not therefore accumulate over multiple peri-
ods between anchor points. I the clocks are not correlated at
cach anchor point, the activation windows must become
wider to account for the accumulating drift. Similarly, as the
period between anchor points increases the clock drift
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increases and the potential savings through the methods
described above may also increase.

The above description has been given 1n the context of the
transmission of a periodic polling signal, but as will be appre-
ciated 1t may also be applied in other situations where the
transmitter and recerver must be active at a particular coordi-
nated time.

Where the term ‘correlated’ 1s used to describe the rela-
tionship between the clocks, 1t will be appreciated that 1t 1s not
required that the clocks be adjusted to a known reference, but
only that the relationship between the clocks be known. This
may be achieved by adjusting one or both clocks, or storing,
data describing the relationship.

Any range or device value given herein may be extended or
altered without losing the effect sought, as will be apparent to
the skilled person.

It will be understood that the benefits and advantages
described above may relate to one embodiment or may relate
to several embodiments. The embodiments are not limited to
those that solve any or all of the stated problems or those that
have any or all of the stated benefits and advantages.

Any reference to ‘an’ item refers to one or more of those
items. The term ‘comprising’ 1s used herein to mean including
the method blocks or elements 1dentified, but that such blocks
or elements do not comprise an exclusive list and a method or
apparatus may contain additional blocks or elements.

The steps of the methods described herein may be carried
out 1n any suitable order, or simultaneously where appropri-
ate. Additionally, individual blocks may be deleted from any
of the methods without departing from the spirit and scope of
the subject matter described herein. Aspects of any of the
examples described above may be combined with aspects of
any of the other examples described to form further examples
without losing the effect sought.

It will be understood that the above description of a pre-
terred embodiment 1s given by way of example only and that
various modifications may be made by those skilled 1n the art.
Although various embodiments have been described above
with a certain degree of particularity, or with reference to one
or more individual embodiments, those skilled in the art could
make numerous alterations to the disclosed embodiments
without departing from the spirit or scope of this invention.

What 1s claimed 1s:

1. A method of adjusting a transmission time of a signal 1n
a radio link, the method being performed by a transmitter to
transmit the signal over the radio link to a recerver and the
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method comprising the steps of: ascertaining, at the transmit-
ter, an accuracy that the receiver assumes for the transmitter’s
clock, calculating, at the transmitter, an assumed drift of the
transmitter’s clock based at least on the assumed accuracy
that the receiver will have made of the transmitter’s clock and

a time since a previous correlation between the transmitter’s
clock and the receiver’s clock; and transmitting, by the trans-
mitter, the signal at a time dependent on the assumed drift
such that the transmission time 1s closer to the receiver’s
activation time than a predetermined transmission time for
the signal, wherein the transmitter and the receiver operate
according to a Bluetooth Low Energy (LE) system.

2. A method according to claim 1, wherein the signal 1s
transmitted earlier than the predetermined transmission time
for the signal.

3. A method according to claim 2, wherein the signal 1s
transmitted earlier than the predetermined transmission time
by a time approximately equal to the assumed drift of the
transmitter’s clock.

4. A method according to claim 1, wherein the assumed
accuracy for the transmitter’s clock 1s a maximum permis-
sible accuracy for a transmitter clock in the protocol being
utilised.

5. A method according to claim 1, further comprising the
step of transmitting an indication of the transmitter’s clock
accuracy from the transmitter to the receiver, wherein that
indication comprises a range of accuracy values.

6. A method according to claim 3, wherein the assumed
accuracy for the transmitter’s clock 1s the maximum value 1n
a transmitted range.

7. A method according to claim 1 wherein the signal 1s a
periodic polling signal.

8. A system comprising: a transmitter configured to trans-
mit a signal over a radio link to a receiver, wherein the trans-
mitter 1s configured to: ascertain an accuracy that the receiver
assumes for the transmitter’s clock, calculate an assumed
drift of the transmitter’s clock based at least on the assumed
accuracy that the recerver will have made of the transmitter’s
clock and a time since a previous correlation between the
transmitter’s clock and the receiver’s clock, and transmit the
signal at a time dependent on the assumed driit such that the
transmission time 1s closer to the receiver’s activation time
than a predetermined transmission time for the signal,
wherein the system further configured to operate according to
a Bluetooth Low Energy (LE).
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